Mechanical injuries are responsible for most of the postharvest fresh produce losses. Changes in plant tissues resulting from mechanical damages might remain unnoticed for some time. 
INTRODUCTION
Mechanical injuries are accountable for high percentages of fruit postharvest losses. Injuries might be caused by impacts, friction or compression forces and occur at any stage of the postharvest handling chain (Chitarra and Chitarra, 2005) . Pears (Pyrus communis L.) are very susceptible to mechanical injuries, markedly to those caused by friction. The frictional damages typically come about during transport because of fruit rubbing against package walls. The friction damages result in epidermal discoloration, which might spread out to subepidermal cells. Browning is a consequence of phenolics oxidation by way of polyphenol oxidase activity (Berardinelli et al., 2005) .
Vegetable tissue changes might be induced by either noticeable or not visible damages. Some lesions, with a diameter smaller than 100 µm are not detected visually, nonetheless they might contribute to speeding up after harvest deterioration processes (Amiri and Bompeix, 2005) . There are techniques to attest tissue injuries such as laser scanning confocal microscopy (Veraverbeke et al., 2001) , scanning electronic microscopy (Montero et al., 2009 ) and electrical impedance spectroscopy (Jackson and Harker, 2000) .
Albeit these methods are exceptionally unbeaten to evidence mechanical injuries, their application is restricted because of high cost equipment. From that perspective Amiri and Bompeix (2005) tested gaseous sulfur dioxide on apples and pears in the likelihood to hasten tissue browning to appraise the extent of injures. The authors concluded that sulfur dioxide was able to evidence lesions of 0.1 mm. Yuri et al. (2005) related the use polyethylene bags as a method to speed up oxidative processes in the epidermis and mesocarp of apples ensuing tissue browning in a shorter period of time.
Mechanical injuries on seeds of maize (Oliveira et al., 1998) , soybeans (Marcondes et al., 2005; Lopes et al., 2001 ) and zucchini (Barros et al., 2005) might be evidenced by way of an immersion into a 2,3,5-triphenyl-tetrazolium chloride (TTC) solution. The TTC test perfected by Moore in 1972 is based on life tissue metabolism reflecting dehydrogenases activity involved in respiratory processes. Predominantly, in mitochondrial oxidations hydrogen ions are released rendering the opportunity them to react with TTC yielding triphenylformazan (tetrazolium red formazan), a reddish and insoluble metabolite (França Neto et al., 1998) assisting in the possibility to tell apart living tissues, colored in red, from dead tissues, which maintain the original color.
In the present work, the objective was to evaluate the effectiveness of different techniques to evidence mechanical injuries on 'Packham's Triumph' pears in order to reveal damage incidence at harvest and postharvest procedures.
MATERIAL AND METHODS
'Packham's Triumph' pears were harvested from a commercial orchard close to the city of São Francisco de Paula, Rio Grande doSul, the southern-most state in Brazil. To avoid injuries at harvest and transport to the lab the harvested fruit were placed in paper trays and wrapped with plastic film and then placed boxes. The boxes were as well enfolded.
Pears from all calibers were classified and distributed in plastic boxes (55×18×36 cm). With an orbital shaker (Fanem, 255B) the following treatments were applied for 20 min: control (0 rotations min -1 ), 70, 140 or 210 rpm. Immediately after inflicting the damages the pears were either packed in low density polyethylene bags of 8 micra thickness, immersed for 20 h at 30±2°C in absence of light in a 0.1% (w/v) 2,3,5-triphenyl-tetrazolium chloride solution or exposed for 2 h in a hermetic chamber to sulfur dioxide (SO 2 ) at a concentration of 3 mL L -1 (v/v). The individually bagged fruit were maintained for 24 h at 30±2°C. The pears for the TTC treatment had been previously washed with a neutral detergent and afterwards rinsed three times in distilled water.
Identification of sulfur dioxide damages was performed as described in Amiri and Bompeix (2005) with adaptations. The pears were placed side by side in an acrylic box of 40 L internal volume. The internal air was removed with a vacuum pump, and sulfur dioxide was injected with a 20 mL syringe through a silicone septum. Inside, at the bottom of the box, a small ventilator homogenized the internal air volume. After 2 h the box was opened and treated fruit aerated for 24 h.
The magnitude of the damages was evaluated visually after treatment application by means of a rating scale adapted from Slaughter et al. (1993) : ranking zero (no damages at all) up to ranking five (very severe damages). Ranking one = very slight damages; ranking two = slight damages; ranking three = moderate damages and ranking four = severe damages.
The tests were conducted in a completely randomized design with three replicates and five fruit in each experimental unit. The rankings of every fruit in each replicate/treatment were submitted to frequency distribution analysis.
RESULTS AND DISCUSSION
Using the pears of the experiment, a numerical scale of extent of damages for each tested method was developed (Figure 1) . The ranking zero indicates absence of damages while ranking five indicates the maximum rate of damages.
As higher rotations were applied, the lesions became more severe and the grades assigned according to the scale were higher (Figure 2 ). In the control treatment, the TTC treatment signaled damages in 100% of the fruit even with the protecting measures undertaken at harvest and for the transport of the fruit. Thus far, however, the lesions were ranked as very slight up to moderate damages.
Similar results were observed at 70 rpm. The pears placed in low density polyethylene bags or submitted to the sulfur dioxide treatment showed evidence of friction damages in 20 and 7% of the fruit, respectively. Again, the TTC treatment evidenced damages in 100% of the fruit. At higher rotations (140 rpm) the ratings for severe damages (ranking 4) were equal for all the tested methods. An indication that with higher friction damages, all the methods are capable to evince wounds. At 210 rpm almost all the fruit were ranked as with moderate to very severe damages (rankings 3 up to 5). With the use of polyethylene bags the greatest part of the pears were ranked as with moderate damages and yet 13% of the fruit were ranked as with slight damages. The TTC and sulfur dioxide treatments categorized the majority of the fruit as with severe and very severe damages, respectively.
The pears consigned to polyethylene bags presented immediately after treatment application epidermal browning, which is an evident signal of injure incidence. After lesion occurrence, the affected tissues darken rapidly because tissue ruptures and subsequent oxidation. According to Yuri et al. (2005) injure symptoms appearance is hastened in polyethylene bags in response to the increases in temperature inside the bags.
Browning was more evident at 140 rpm and beyond. At the highest rotation even fractures in the epidermis could be visualized. The presence of fractures was considered the highest level of damages. Browning, however, did not spread out to subepidermal layers and mesocarp tissues remained with its color unaltered. Sommer (1957) indicated that friction damages are more restricted to superficial cell layers and mesocarp tissue, more often than not, remain undamaged. Berardinelli et al. (2005) transported pears for a 520 km journey and did detect damages to the pulp of the fruit. Barchi et al. (2002) , as well, concluded in the same way subsequently to shipping pears for 1200 km. Agar and Mitcham (2000) , in contrast, however, reckoned that small lesions occur after frictions. The authors, though, correlate the lesions to the intensity of the damage.
The damaged areas submitted to tetrazolium impart a light brown color with a border of intense red. França Neto et al. (1998) indicate that malate dehydrogenase reduces TTC in living tissues. As TTC diffuses into damaged tissues, the compound spreads out into tissues where its reduction results in the formation of 1,3,5-trifenilformazan. Formazan synthesis is an indication of intense respiratory activity at the damaged areas. Several authors have demonstrated that after mechanical injuries an increment in respiration rates is universal, as determined in pears by Agar and Mitcham (2000) , in apples by Montero (2010) and avocados by Sanches et al. (2008) .
Fumigation with sulfur dioxide causes a necrosis at the damaged site. The border of the wound presents a darker color. Oxidation and polymerization of phenolic compounds are presumed to cause the darkening (Underhill and Critchley, 1992) . Stratford and Rose (1986) demonstrated that cytoplasm sulfur dioxide build up resulted in pH reductions simultaneously to higher resistance of epidermal tissues to carbon dioxide diffusion. According to the same authors, such modifications associated to respiratory activity of internal tissues could wind up in elevated oxygen depletions in these tissues. As oxygen is necessary to polyphenol oxidase activity, hypoxia could prevent browning of internal tissues imparting a more colorless necrosis of the damaged tissues (Banks, 1985) .
Whereas the external appearance is one of the main aspects taken into account at purchase it is plausible to infer that low density polyethylene bags evidence injuries, which in effect become visible throughout marketing and will be easily noticed by consumers.
CONCLUSIONS
Bagging 'Packham's Triumph' pears into low density polyethylene bags or immersing the fruit into 2,3,5-triphenyl-tetrazolium solution or fumigating with sulfur dioxide are methods to be used to signal mechanical injuries on pears at harvest and along after harvest handling procedures. Immersion of 'Packham's Triumph' pears into a 2,3,5-triphenyltetrazolium solution has the capability to evidence very slight peel damages inflicted along harvesting and postharvest handling procedures, which, otherwise, would hardly noticed.
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